Long noncoding RNAs (lncRNAs) are aberrant and play critical roles in gastric cancer (GC) progression and metastasis. Searching for coexpressed lncRNA clusters or representative biomarkers related to malignant phenotypes of GC may help to elucidate the mechanism of tumor development and predict the prognosis of GC.
INTRODUCTION
Gastric cancer (GC) is one of the most common digestive system malignant tumors and poses a serious threat to human health [1] . Long-term survival of GC is still poor due to the high recurrence and distal metastasis rates, despite advances in diagnosis and treatment [2] . Therefore, it is necessary to explore new biomarkers and clarify relevant molecular mechanisms for the formulation of GC treatment strategies. With the completion of Human Genome Project and the parallel development of nextgeneration sequencing, human transcriptome analysis has revealed that > 98% of the transcriptional output encodes noncoding RNAs (ncRNAs), which have little or even no protein-coding capability [3] . Long noncoding RNAs (lncRNAs), with a length not less than 200 nucleotides, are dominant in the ncRNA family [4] . Accumulated studies have indicated that dysregulation of lncRNAs plays a crucial role in regulation of oncogenes or tumor suppressor genes [5] . LncRNAs are involved in cellular biological processes at multiple levels, including epigenetics, transcription, and posttranscriptional regulation [6] . Therefore, it is believed that the complex regulatory network between mRNA and lncRNAs may mediate the malignant phenotype of GC. For example, lncRNA GClnc1 acts as a "scaffold" to recruit the WDR5 and KAT2A complex and thus induces tumorigenesis, metastasis, and poor prognosis in GC [7] . HOXC-AS3 activated by abnormal histone modification may play an important role in regulation of GC cell proliferation and migration [8] .
As a large multiplatform database of molecular maps and clinicopathological annotated data, The Cancer Genome Atlas (TCGA) facilitates the analysis of molecules associated with various clinicopathological parameters of cancer [9] . Using weighted gene coexpression network analysis (WGCNA), coexpression modules or networks of genes can be established to explore the correlation between different gene clusters and clinicopathological parameters [10] . In this investigation, lncRNAs with abnormal expression in GC were searched using transcriptome data of GC in TCGA database [TCGA-stomach adenocarcinoma (STAD)]. WGCNA was used to construct coexpression networks of differentially expressed lncRNAs (DELs) and to analyze the correlation between lncRNA clusters and clinicopathological parameters. In addition, it was revealed that lncRNA NOTCH1 associated with lncRNA in T cell acute lymphoblastic leukemia 1 (NALT1) was the hub-RNA of blue cluster and overexpressed in both GC tissues and cells. Mechanistic analyses revealed that NALT1 was involved in invasion and metastasis of GC, which was through the NOTCH signaling pathway. We studied the role of NALT1 in GC prognosis because the blue module was closely related to tumor differentiation and survival.
MATERIALS AND METHODS

Data download and DELs analysis
The RNA sequencing dataset and corresponding clinical records of GC were downloaded from TCGA (TCGA-STAD, https://portal.gdc.cancer.gov/). The RNA expression profile raw data were download by RTCGA Toolbox package in R platform. There were 406 samples, with 375 GC tissues and 31 normal tissues. Clinical data of 375 tumor tissue specimens were complete. Package edgeR was used to identify DELs. P < 0.05 and |log 2 FC| ≥ 1 were set as the cutoff criteria.
Construction of WGCNA
WGCNA package was used to construct a coexpression network of DELs [11] . The power function, which was dependent on soft-thresholding β, was used to create the weighted adjacency matrix. We transformed the adjacency matrix to topological overlap matrix (TOM). We performed average linkage hierarchical clustering based on per TOM dissimilarity measurement. The minimum size of the gene group for the genes dendrogram was 30, was the deep split, and 0.15 was the cutoff for module dendrogram and merged modules. Pearson's correlation was used to search for biologically meaningful clusters and to evaluate the correlation between clusters and clinicopathological parameters. Age, tumor stage, grade, and overall survival (OS) were recorded. The module with the highest correlation was selected as the meaningful research cluster. Cytoscape 3.6.1 software (http://www.cytoscape.org/) was used to construct the network [12] . Molecular Complex Detection (MCODE) was used to filter the network module.
Patients and ethics statement
The study was approved by the Ethics Committee, Liaoning Cancer Hospital & Institute. The patients gave signed informed consent before surgery. There were 336 patients who underwent D2 lymph node dissected gastrectomy at Liaoning Cancer Hospital between January 2011 and March 2014, including 236 (70.2%) men and 100 (29.8%) women, with a mean age of 57 years. Patients treated with preoperative chemotherapy or radiotherapy were excluded. Adenosquamous carcinoma or neuroendocrine carcinoma patients were excluded. Tumor staging was based on the 8 th edition of the tumor node metastasis (TNM) staging manual (American Joint Committee on Cancer/Union for International Cancer Control, 2017).
Patients with stage IIA and worse were routinely treated with postoperative adjuvant chemotherapy. Table 1 describes the clinicopathological parameters involved in the analysis. Follow-up was conducted every 3-6 mo within 5 years after the operation, including physical examination, pulmonary, abdominal, and pelvic computed tomography, blood count, endoscopic examination, and liver function examination. OS was the time between surgery and final follow-up or death. Diseasefree survival (DFS) was the time between the date of resection and first diagnosis of recurrence. The final investigation date was 1 March 2019.
Cell culture
Human normal gastric epithelial cell line GES-1 and human gastric cancer cell lines SGC-7901 and BGC-823 were obtained from China Medical University (Shenyang, China). Cells were cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum (Invitrogen, Carlsbad, CA, United States), 100 U/mL penicillin, and 100 μg/mL streptomycin (Invitrogen) at 37 °C under 5% CO 2 and 1% O 2 . All experiments were repeated three times independently.
Real-time reverse transcription polymerase chain reaction
Total RNA was isolated from cells and tissues with TRIzol cell separation reagent 
Western blotting
Sodium dodecyl sulfate polyacrylamide gel electrophoresis (10%-15%) and polyvinylidene difluoride membranes were used to separate and transfer protein (20 μg) from cells. TBS-Tween buffer (20 mmol/L Tris-HCl, 5% nonfat milk, 150 mmol/L NaCl, and 0.05% Tween-20, pH 7.5) was used to block membranes for 1 h at 21 °C after blotting. The membranes were incubated with primary antibodies overnight at 4°C (NOTCH1, SNAI1, 1: 200, Boster Biological Technology; SLUG, MMP9, 1:150, Boster Biological Technology; and β-actin, 1: 4000, Santa Cruz Biotechnology, Santa Cruz, CA, United States). Finally, membranes were incubated with secondary antibody (1: 5000, Santa Cruz Biotechnology). β-Actin acted as a control. The gray value of proteins was measured by ImageJ (NIH, Bethesda, MD, United States). Averages of three independent data were presented as the final results.
Lentiviral vector system, plasmids, and cell transfection
Lentiviruses carrying siRNA sequences targeting human NALT1 were obtained from GeneChem (Shanghai, China). Full-length human NOTCH1 cDNA was subcloned into the pcDNA 3.1 vector. Lipofectamine 2000 Reagent (Invitrogen) was used to transfect the GC cells.
Scrape motility and Transwell invasion assays
Scrape motility assay was used to evaluate cell migration. GC cells were plated into culture inserts (Ibidi, Regensburg, Germany). After 24 h incubation, we removed the inserts. An inverted microscope (XDS-100; Shanghai Caikon Optical Instrument, Shanghai, China) was used to capture the wound monolayers images at 0 and 24 h post-wounding.
Transwell assay was performed to determine cell invasion. Transwell upper chambers coated with gelatin were used to plate GC cells. The lower chambers were coated with 600 μL fetal bovine serum (30%, Costar, Lowell, MA, United States). Methanol, hematoxylin, and eosin were used to fix and stain cells after incubation for 24 h (Sigma-Aldrich, St. Louis, MO, United States). We removed the upper chambers; the cells on the surface of the lower chambers were migrated cells that were counted and captured by microscopy at 100 × magnification in five fields. The average cell number per field represented the migrated cells.
Statistical analysis
Statistical analysis was performed using SPSS version 23.0 (IBM, Armonk, NY, United States). All data are presented as mean ± standard deviation. Data were compared by Student's t test when homogeneity of variance was satisfied between groups; otherwise, the Wilcoxon-signed rank test was used. Multiple groups were compared using one-way analysis of variance. χ 2 test or Fisher's exact test reflected the correlation between clinicopathological parameters and biomarkers. Kaplan-Meier survival curves were generated from the survival data. Univariate survival analysis was performed by log-rank test. Cox proportional hazard model was used to evaluate the clinical significance of the biomarkers. P < 0.05 was considered to be statistically significant.
RESULTS
DELs in GC
TCGA-STAD RNA sequence dataset included 375 GC samples and 31 para-carcinoma tissues. EdgeR was applied to identify the DELs (fold change ≥ 2, P < 0.05). A total of 4264 DELs were screened from the expression profile data, which included 14449 lncRNAs. Among them, 3339 were upregulated DELs (uDELs) and 925 were downregulated DELs (dDELs) ( Figure 1A ). All these were further investigated by WGCNA. The volcano showed the top 25 uDELs and dDELs ( Figure 1B ).
WCGNA and hub-lncRNA identification
WGCNA was performed to identify the functional RNA cluster of GC patients. The scale-free network was constructed based on 4264 DELs with a soft threshold β = 2 (Figure 2A ). A total of 15 RNA clusters were obtained that contained 36-729 DELs ( Figure 2B ). Correlation analysis showed that the blue module had the most significant correlation with clinical features. It was significantly correlated with grade (r = 0.25, P = 4 × 10 -7 ; Figure 2C ) and prognosis (r = 0.17, P = 6 × 10 -4 ; Figure 2C ). TOM plot was generated from the TOM plot function to verify module correlation ( Figure  2D ). Eigengenes were treated as representative profiles to quantify module similarity correlation. The dendrogram and heatmap showed the correlation and eigengene adjacency between modules, respectively ( Figure 2E ).
The gene significance in the blue module was imported into Cytoscape software to construct a WGCN. MCODE was applied to filter the network module and select hub-lncRNAs. Weight > 0.4 and MCODE score > 8 combined were selected as significant. NALT1 had the highest score for follow-up ( Figure 2F ).
Clinical significance of NALT1
RT-PCR was used to detect expression of NALT1 in 35 paired samples (GC vs adjacent noncancerous samples). It was obvious that NALT1 was overexpressed in GC samples ( Figure 3A ). As predicted by bioinformatics, expression of NALT1 was closely related to tumor differentiation in 336 GC specimens ( Figure 3B ).
To explore further the relationship between NALT1 and clinicopathological parameters, we grouped them according to the expression level of NALT1. The median value of NALT1 expression was set as the cutoff value in 336 samples. One hundred and seventy-seven (52.7%) samples were assigned to the overexpressed group and 159 (47.3%) to the weak expression group. Table 2 summarizes the correlation between clinicopathological parameters and NALT1 expression levels. Not surprisingly, expression of NALT1 was closely related to tumor differentiation (P = 0.000, χ 2 = 247.392) and TNM stage (P = 0.001, χ 2 = 17.625).
Of the 336 patients, 319 had complete follow-up data, and 196 (58.3%) died before the end of follow-up. DFS was 5-91 mo, with a median of 33 mo, and OS was 7-91 mo, with a median of 45.5 mo. Patients with overexpression of NALT1 showed poorer DFS (45.24 vs 33.69 mo, P < 0.01) and OS (50.30 vs 40.88 mo, P < 0.01) (Table 1, Figure  3C , 3D). Multiple factor analysis included the clinicopathological parameters with P < 0.05 in univariate analysis. A backward stepwise method was applied in the Cox proportional hazards model. TNM stage and expression of NALT1 served as independent prognostic factors for prediction of DFS [TNM: P < 0.01, hazard ratio (HR) = 125.49, 95% confidence interval (CI): 42.47-370.76; NALT1: P = 0.02, HR = 0.71, 95%CI: 0.53-0.96; Table 3 ) and OS (TNM: P < 0.01, HR = 87.98, 95%CI: 37.29-207.38; NALT1: P = 0.02, HR = 0.71, 95%CI: 0.52-0.95; Table 3 ).
NALT1 was overexpressed and associated with invasion and metastasis of GC
Similar to overexpression in GC tissues, NALT1 was also overexpressed in GC (SGC-7901 and BGC-823) cells ( Figure 4A ). To evaluate the biology of NALT1 in GC, NALT1 siRNAs were transfected into GC cell lines. Two siRNAs targeting NALT1 were detected (si-NALT1#1, si-NALT1#2), among which si-NALT1#1 was the most effective siRNA to remove NALT1 expression and was selected for subsequent research (Figure 4B ). Scrape and Transwell assays were performed to evaluate the effect of NALT1 on cell invasion and metastasis. Decrease of NALT1 expression significantly decreased cell migration ( Figure 4C and D).
NALT1 and NOTCH1 affect invasion and metastasis synergistically
Bioinformatics analysis showed that NALT1 was 10 kb upstream of NOTCH1 ( Figure  5A , http://asia.ensembl.org). Expression of NOTCH1 in GC was verified by western blotting and RT-PCR. It showed that compared with control GES-1 cells, NOTCH1 was overexpressed in BGC-823 and SGC-7901 cells at mRNA and protein levels ( Figure 5B, 5C ). With the downregulation of NALT1 expression, expression of NOTCH1 also decreased. Moreover, both the mRNA ( Figure 5D ) and protein ( Figure  5E ) levels of NOTCH1 were all significantly decreased. NALT1 may regulate NOTCH1 at the transcriptional level. As mentioned above, we found that downregulating expression of NALT1 significantly inhibited the invasiveness of GC cells, but this decrease was partially abolished by overexpression of NOTCH1 ( Figure  5F and G). With the increase in NOTCH1 expression, the invasion and metastasis of cells were enhanced: the number ( Figure 5F ) and migratory distance ( Figure 5G ) of the cells increased significantly. We studied the effect of NALT1 on NOTCH pathway components. We evaluated the expression levels of NOTCH intracellular cytoplasmic domain (NICD), HES1, and HES5 (downstream target genes of notch signaling pathway) in the cells treated with NALT1 siRNA. With knockdown of NALT1, expression of these proteins was decreased. However, the downregulation could partially be reversed by overexpression of NOTCH1 ( Figure 6 ). 
DISCUSSION
With the development of next-generation sequencing technology and molecular biology, thousands of genes have been proved to play an important role in the development of malignant tumors [13, 14] . Moreover, the significance of ncRNA in gene expression regulation is being recognized [15, 16] . LncRNAs can regulate gene expression at multiple levels: transcription and post-transcriptional processing as well as chromatin modification [17] . Correspondingly, lncRNAs can also bind various molecules (DNA, RNA, and protein) to perform biological functions. Therefore, it is of utmost importance to search for lncRNA that is closely related to the occurrence and development of GC and explore its functions and mechanisms. In this study, we downloaded transcriptome and clinical data from TCGA-STAD and attempted to explore GC-related lncRNAs through bioinformatics analysis. WGCNA is a scale-free network algorithm that is widely used in big data mining and analysis [11] . WGCNA can be used to study the differential coexpression between GC and normal tissue samples as a systematic biological method to explain the relationship between clinical characteristics and RNAs [10] . Different from other clustering algorithms, which use geometric distance between data for clustering, WGCNA clustering criteria focus on biological significance. These clustering modules are based on differences between RNA expression profiles and hub RNAs, which lead to changes in expression of cell signaling pathways [18] . Thus, the problem can be simplified to an equation between modular hub RNAs and clinical features to reveal the main causes of GC progression.
We found that the blue module was closely related to GC grade and survival NALT1: NOTCH1 associated with lncRNA in T cell acute lymphoblastic leukemia 1; TNM: Tumor node metastasis.
through differential expression analysis and WGCNA. NALT1 is the hub-RNA of the blue module. NALT1, also named LINC01573, was first found in 2015 and contributes to the proliferation of T cell acute lymphoblastic leukemia [19] . However, its biological role in solid tumors has not been reported. In this study, we found that NALT1 was overexpressed in GC tissues and cells and was involved in tumor invasion and metastasis. Unfortunately, NALT1 overexpression is strongly associated with poor prognosis of GC. To explore further the role of NLAT1 in GC malignant phenotype, we studied its localization in the genome. As a neighbor, the well-known NOTCH1 is located 400 bp downstream of NALT1. Flank 10 k theory suggests that lncRNA can cis regulate adjacent genes within the range of 10000 bp on the chromosome location [20, 21] . Therefore, we supposed that the influence of NALT1 on GC invasion and metastasis was realized by NOTCH1. The NOTCH signaling pathway regulates cell proliferation and differentiation in various gastrointestinal tissues, including the stomach [22] . The interaction between receptor and ligand initiates NOTCH signaling pathway, which activates NICD, thereby promoting transcription of downstream genes of the NOTCH pathway. The NOTCH family consists of four receptors and five ligands (Jagged-1, Jagged-2, Delta-like-1, Delta-like-3, and Delta-like-4). Mediated by NOTCH1 and NOTCH2 receptors, NOTCH is involved in the proliferation of gastric stem cells [23] . In addition, Xiao et al [24] proposed that inhibiting the activity of NOTCH signaling pathway could fully inhibit the invasion, metastasis, and proliferation of GC. Unsurprisingly, NOTCH1 was also highly expressed in GC tissues and cells in the present study. Expression of NOTCH1 was decreased at mRNA and protein levels with knockdown of NALT1. This indicates that NALT1 regulates NOTCH1 expression at the transcriptional level, which is consistent with our hypothesis. In subsequent experiments, we found that downregulation of NALT1 inhibited the invasion and metastasis of GC, which could be partially restored by upregulation of NOTCH1. Subsequently, we detected the biomarkers (NICD, HES1, and HES5) of the NOTCH signaling pathway. Similarly, inhibited expression of NALT1 can downregulate the corresponding biomarkers. The upregulated NOTCH1 can partially abolished this effect. This further proved that the biological role of NALT1 in GC is achieved by NOTCH1 and NOTCH signaling pathway.
RNA sequencing and clinical data of TCGA-STAD patients were studied by WGCNA and other methods. NALT1 is one of the hub RNAs, which is closely related to poor prognosis of GC. Moreover, NALT1 is closely related to GC invasion and metastasis, which is achieved through the NOTCH signaling pathway.
Although we speculated about the important role of NALT1 in GC by bioinformatics analysis and verified it by molecular biological methods, there were some limitations to this study. First, the study lacked experimental evidence for a direct mechanism. Second, the expression and function of NALT1 in GC need to be verified by in vivo experiments. 
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Research motivation
Searching for coexpressed lncRNA clusters may help to elucidate the mechanism of tumor development and predict the prognosis of GC.
Research objectives
To explore the prognostic value of NOTCH1 associated with lncRNA in T cell acute lymphoblastic leukemia 1 (NALT1) in GC and the mechanism of its involvement in gastric cancer invasion and metastasis.
Research methods
Based on the TCGA database, we obtained differentially expressed lncRNAs. The significance module was studied by weighted gene coexpression network analysis. The function of NALT1 was assessed by reverse transcription polymerase chain reaction, western blotting, scrape motility assay, and Transwell migration assay.
Research results
Fifteen coexpression modules were constructed based on 3339 differentially expressed lncRNAs and weighted gene coexpression network analysis. The blue module was correlated with tumor grade and survival, and the hub-lncRNA of blue NALT1 was an independent risk factor for GC prognosis. Through cis regulation, NALT1 affected the expression of the NOTCH signaling pathway and was related to GC invasion and metastasis.
Research conclusions
NALT1 was overexpressed in GC and was an independent risk factor for GC prognosis. It affected invasion and metastasis of GC by regulating NOTCH1 and NOTCH signaling pathway.
Research perspectives
In future studies, we will verify the results of this study through in vivo experiments. The specific binding sites of NALT1 and NOTCH1 will be studied by chromatin immunoprecipitation and pull-down assays.
